Introduction Correlations between olfactory performance and particular personality traits (e.g., disgust proneness), as well as symptoms of specific mental disorders (e.g., depression) have been found in numerous studies with adults. The present questionnaire study examined whether similar associations already exist in childhood. Method The olfactory discrimination ability of 66 children (32 boys and 34 girls aged between 7 and 11 years) was tested. In addition, the children filled out screening questionnaires to assess the severity of symptoms related to depression, various anxiety disorders (e.g., panic disorder, social anxiety disorder), and disgust proneness. A multiple regression analysis was calculated with olfactory performance as criterion variable and questionnaire scores as predictor variables.
Introduction
Odors are powerful stimuli that can evoke a variety of emotional states. Due to the anatomical overlap of brain areas, which are related to the sense of smell as well as to emotional processing (e.g., hippocampus, amygdala, anterior cingulate cortex, orbitofrontal cortex), most olfactory stimuli are immediately classified as Bgood^or Bbad,^Bdisgusting^or Bpleasant^ (Croy and Hummel 2017) . However, individuals vary significantly in their classifications as well as in their olfactory performance (the capability for olfactory detection, identification, and discrimination).
In general, olfactory performance covers a wide spectrum that includes anosmia (loss of the sense of smell), hyposmia (reduced olfactory performance), normosmia (normal olfactory function), and hyperosmia (increased olfactory acuity; see Hummel et al. 2012) . It has been argued that both reduced olfactory performance (anosmia/hyposmia) as well as hyperosmia are associated with altered emotional processing (e.g., negative mood, symptoms of anxiety disorders, and depression; Burón and Bulbena 2013) . Schienle et al. (2018) investigated specific associations between emotion-related personality traits (tendency to experience sadness and happiness in everyday life) and olfactory performance. They were able to show that patients with reduced olfactory performance (anosmia and hyposmia) reported higher levels of sad mood than normosmics. Croy et al. (2012) found that patients with anosmia had an increased risk to develop a depressive disorder compared to normosmic individuals. This type of olfactory dysfunction induces longterm impairments and reduces quality of life. This may lead to depression (Rochet et al. 2018) . However, olfactory dysfunction can also be a marker (or symptom) of primary depression. Patients with a major depressive disorder sometimes show reduced olfactory function but only during a depressive episode. When the episode ends, olfactory performance returns to a normal level (Kohli et al. 2016) .
In contrast to the findings on sadness and depression, results on the relationship between trait anxiety (the proneness of individuals to experience anxiety in their daily lives) and olfactory performance are inconsistent. For instance, Clepce et al. (2012) found that people with anxiety disorders showed reduced olfactory performance (specifically, difficulties in distinguishing odors). Lemogne et al. (2015) , however, detected no differences in trait anxiety between anosmic and normosmic individuals. In contrast, Schienle et al. (2018) found that anosmic patients actually reported experiencing fewer somatic anxiety symptoms in their daily lives (reduced trait arousal) than normosmics.
Similar to the role of trait anxiety in altered olfactory performance, disgust proneness (the tendency of a person to experience disgust across different situations) has been investigated in only a few studies. The emotion disgust is rooted in the chemical senses (especially taste and olfaction). Disgust evolved as an oral-nasal rejection response to stimuli that signals toxicity or risk of infection (e.g., smell of spoiled food, aversive body odor associated with certain diseases; Rozin et al. 2008) . Disgust (proneness) may heighten discernment of these olfactory cues. The findings on disgust proneness and olfaction are however heterogeneous. Schienle and Schöpf (2017) found no relationship between this personality trait and olfactory performance (threshold, discrimination, identification). In contrast, in a study by Ille et al. (2016) , anosmic and hyposmic patients reported reduced disgust regarding spoiled food, but increased disgust with regard to poor hygiene. Finally, identified genderspecific effects; only in men but not in women was olfactory performance positively associated with disgust proneness.
Although the results have not been completely consistent, the examples discussed show that correlations between olfactory performance and affective symptoms in adults have been observed in numerous studies. These findings from adults however cannot simply be extrapolated to include children. Children differ from adults in that they experience many somatic, cognitive, and emotional changes as they progress through their natural growth and development. In a recent study, Nook et al. (2018) asked a sample including children, adolescents, and adults aged between 5 and 25 years to rate how much a series of aversive images made them feel angry, disgusted, sad, scared, and upset. The children tended to report feeling only one emotion at a time, producing specific but sparse affective experiences. Adults reported the presence of several emotions (Nook et al. 2018) . Thus, emotion differentiation differed between children and adults.
There are also developmental changes in olfactory performance (for a review, see Cameron 2018) . Odor identification (the ability to label odors correctly) improves as a function of age. This ability is however not independent of verbal functioning which is still developing in children. Findings on the ability to detect odors in childhood are heterogeneous. Some studies found higher odor thresholds in children compared to adults for specific odorants (e.g., Koelega and Köster 1974) while others even found lower thresholds (e.g., Solbu et al. 1990 ). Several investigators have reported no differences in thresholds between children and young adults (Cameron 2018) . Olfactory tests that are less influenced by cognitive and linguistic demands, such as discrimination tasks, have only rarely been used in children (Hummel et al. 2007 ). We therefore focused on this indicator of olfactory performance in the present study. We investigated whether the tendency to experience symptoms related to depression and various anxiety disorders (panic disorder, separation anxiety, social phobia, school phobia, generalized anxiety disorder), as well as disgust proneness, is associated with olfactory discrimination in boys and girls aged 7 to 11 years. In addition, screening questionnaires for the aforementioned mental disorders were administered. For the data analysis, a multiple linear regression approach was chosen. Based on the results available for adults, it was assumed that depression constitutes a negative predictor and disgust proneness a positive predictor for olfactory performance. For the broad construct of anxiety disorders, we followed an exploratory approach.
Method Participants
Sixty-six children (32 girls, 34 boys) with a mean age of 8.4 years (SD = 1.0, range = 7-11) participated in this study. They were recruited from an after-school day care program. The study was approved by the ethics committee of the University of Graz and was performed in accordance with the Declaration of Helsinki. Written informed consent was provided by the parents and the children. Exclusion criteria were reported chronic diseases (e.g., asthma) and acute nasal diseases (e.g., acute infections).
Material and Procedure
The study consisted of the following two parts: the olfactory testing and the questionnaire assessment.
Olfactory Testing Olfactory function was assessed by means of the sniffin' sticks test (Burghart Ltd. Instruments, Wedel, Germany) . This test has been used before in children, and normative data for the age group 5-15 years exist (Hummel et al. 2007 ). The complete test consists of the following three subtests: odor threshold, identification, and discrimination. Odor threshold refers to the lowest concentration of an odorant a person is able to perceive. It is assessed with n-butanol, which is presented in 16 dilutions in a staircase, three-alternative, forced-choice procedure. The concentration of n-butanol is (repeatedly) increased following trials on which a subject has failed to detect the odorant and decreased following trials with correct responses. Odor discrimination ability is assessed by presenting 16 triplets of odorant pens; two pens contain the same odorant (e.g., α-Ionon: viola-like odor) and one pen contains a different odorant (e.g., eucalyptol: eucalyptus-like odor). The participants' task is to identify the different odor. Odor identification is assessed by means of 16 odors (e.g., coffee, cinnamon). Subjects' task is to identify the odors by selecting a label from a list of four descriptors.
We first conducted a feasibility trial with three children (aged 8-11 years) in which the complete sniffin' sticks test was administered. This pilot study showed that it was not possible to conduct all subtests within one session. The children were not able to show continued attention, especially during the threshold test. In addition, younger children experienced problems with the identification task, which requires odor labeling and is associated with verbal skills (Oleszkiewicz et al. 2016) . Therefore, we decided to only administer the odor discrimination test. Gellrich et al. (2017) recently evaluated the discrimination task of the sniffin' stick test in a children sample (ages 5-17 years) and found sufficient retest reliability (r = 0.69).
During the study, the discrimination test was first shown and then explained to the children. They were told that the experimenter will present three pens to them, with two containing the same odor and one containing a different odor. Their task would be to identify the pen with the different odor. Each child was asked: BImagine there are three pens. The first pen smells like strawberry, the second pen like vanilla and the third pen like strawberry. Which one has a different smell?Â ll children answered this question correctly. Then, the children were blind-folded and presented with 16 triplets of odorant pens (two pens contained the same odorant, the third pen contained a different odorant). The experimenter presented the pens one at a time for 3 s each. Subsequent to the presentation of a triplet, the child named the pen with the different odor (1, 2, or 3). This was followed by a waiting period of 30 s. Then, the next triplet was presented. The total duration of the discrimination test was 12 min.
Possible scores for the discrimination task range between 0 and 16 (with higher scores indexing better olfactory discrimination ability). The children were tested individually in a quiet and well-ventilated room during the after-school day care program.
Questionnaires The children answered German versions of the BScreen for Child Anxiety and Related Emotional Disorders( SCARED child version; Essau et al. 2002) , the BDepression Inventory for Children and Adolescents^(DICA; Stiensmeier-Pelster et al. 2000) , and the subscale Bcore disgust^of the BQuestionnaire for the Assessment of Disgust Proneness for Children^(QADP-C; Schienle and Rohrmann 2012). All questionnaires are reliable and validated scales for children and adolescents (aged from 8 to 17 years) with normative data available.
The SCARED is a self-report screening questionnaire for anxiety disorders (social phobia, separation anxiety disorder, panic disorder, school phobia, and generalized anxiety disorder). The 41 items of the questionnaire are rated on 3-point scales (0 = Bnot true or hardly ever true^; 2 = Bvery true or often true^; e.g., When I feel frightened, my breathing becomes difficult; I worry about what other people think of me).
The DICA is a 26-item screening instrument for depression. The items are rated via a three-alternative forced-choice format (e.g., most of what I do works out/a lot of what I do is wrong/everything I do is wrong).
The subscale Bcore disgust^of the QADP-C assesses aversion to spoiled food and poor hygiene. The eight items (e.g., someone with bad breath speaks to you) are rated on 5-point scales (0 = Bnot disgusting^to 4 = Bvery disgusting^).
The questionnaires were filled out in randomized order in small groups (one to four children). The questions were read out to the children by the experimenter in a quiet room. The children were instructed not to talk to each other during the testing. Several breaks were incorporated into the study procedure (5 min after each questionnaire and 30 min between the questionnaire assessment and the olfactory testing).
Statistical Analysis
To capture the association between olfactory performance (dependent variable) and the independent variables (predictors) SCARED-total (anxiety disorders), DICA (depression), and QADP-C (disgust proneness), a multiple linear regression with the enter method was calculated. We also entered gender as a predictor. Furthermore, we conducted a separate multiple linear regression analysis to capture the association between olfactory performance and the SCARED subscales (panic disorder, generalized anxiety disorder, and social phobia). The subscales separation anxiety and school phobia were excluded because of insufficient reliability (Cronbach's alpha < 0.60). The models were assessed for multicollinearity and residual distribution. The analyses were conducted with SPSS version 24 (IBM Corp. 2016).
Results
Descriptive statistics for the olfactory test and the questionnaires are presented in Table 1 . Scores for olfactory discrimination ranged from 6 (5th percentile) to 16 (maximal score). No statistically significant relationship was found between olfactory discrimination ability and age (r = 0.21; p = 0.09). Boys and girls did not differ in olfactory performance and self-reports regarding core disgust (QADP-C) and anxiety disorders (SCARED subscales). Boys scored higher on the DICA (depression) than girls.
We compared the scores of the three questionnaires (QADP-C, DICA, SCARED) with the construction samples (normative data). Children of the current study scored significantly higher on all SCARED subscales (ps < 0.05) but did not differ from the construction samples with regard to the QADP-C and the DICA (ps > 0.05). The reliability (Cronbach's alpha) of the administered questionnaires in the present sample was as follows: SCARED-total = 0.87; DICA = 0.83; QADP-C = 0.69.
Compared to the norm values reported by Hummel et al. (2007) , girls in the present sample achieved lower scores for olfactory discrimination performance (t(55) = − 2.217; p = 0.03). The scores of boys did not differ from the norm values (t(49) = − 0.732; p = 0.47).
The computed regression analyses revealed the following results: a significant regression equation was found for the association between olfactory performance (dependent variable) and the independent variables (predictors) SCAREDtotal (anxiety disorders), DICA (depression), QADP-C (disgust proneness), and gender (F(4,61) = 3.44, p = 0.01), with an R 2 of 0.184. Depression and core disgust were significant negative predictors of olfactory discrimination ( Table 2 ). The SCARED-total score was a marginally significant positive predictor of olfactory discrimination.
A second significant regression equation was found for the association between olfactory performance and the SCARED subscales panic disorder, generalized anxiety, and social phobia (F(3,62) = 3.25, p = 0.03) with an R 2 of 0.136. Panic disorder and social phobia were significant predictors of olfactory performance (Table 3 ). While panic disorder was a negative predictor, social phobia was a positive predictor.
Discussion
In adults, it has already been well-established that olfactory performance is related to specific affective trait variables (e.g., disgust proneness) and vulnerability for different mental disorders, such as depression (e.g., Kohli et al. 2016; Croy et al. 2012; Schienle et al. 2018; Clepce et al. 2012; Ille et al. 2016; Croy and Hummel 2017) . The current study investigated whether the severity of symptoms related to depression and various anxiety disorders and disgust proneness are associated with olfactory performance in childhood. Olfactory performance in the present sample was defined by the ability to differentiate between different odors. It had a wide range, so that both children with very good performance and poor performance were represented. On average, the children answered 11 out of 16 discrimination items correctly (hit rate = 70%). This score equals findings of Gellrich et al. (2017) for a sample of 51 children aged 5 to 11 years. The main result of this study was that both disgust proneness and symptoms of depression were negative predictors of olfactory performance. With regard to depression, our study was able to replicate findings for adults (for a review, see Croy and Hummel 2017) . Children with difficulties in olfactory discrimination reported an increased tendency to experience sadness. Two ways of explaining this finding are explored in the following. On the one hand, it can be assumed that the children first displayed olfactory dysfunction and as a result of this developed negative mood. For adults, it has been shown very consistently that reduced olfactory function is associated with reduced wellbeing and quality of life (e.g., because of reduced enjoyment of food or other pleasant odors). This may lead to symptoms of depression (for a review, see Boesveldt et al. 2017) .
On the other hand, it is possible that children with a tendency to primary depression show olfactory dysfunction as one symptom of this disorder (proneness). For adults, it has already been shown that patients with major depressive disorder experience olfactory dysfunctions during an episode. When the depressive symptoms eventually disappear, olfactory performance returns to a normal level (Kohli et al. 2016) . Longitudinal studies would be required in order to be able to detect changes in depressed mood in children that are directly associated with changes in olfactory function.
Disgust proneness was found to be a negative predictor of olfactory performance. Disgust proneness is defined as the tendency to feel disgust in response to stimuli that signal risk of contamination (Schienle et al. 2002) . A major function of disgust is to protect the body from disease and poisoning (Rozin et al. 2008) . The basic emotion of disgust elicits typical behaviors, such as distancing from the source of infection, avoidance, and cleaning/grooming (Davey 2011) . These behaviors, especially avoidance, imply self-limitation of odor exposure (particularly for bad odors) and as a result may prevent (discriminatory) learning experiences with olfactory stimuli.
The exploratory regression analysis for the different types of anxiety disorders identified panic disorder as a negative predictor and social anxiety disorder as a positive predictor of olfactory performance. With regard to symptoms of panic disorder, our results were comparable to those reported by Clepce et al. (2012) . In that study, adult anxiety patients (11 of the 17 patients had a diagnosis of panic disorder) showed reduced performance in odor discrimination compared to healthy controls. In contrast, other olfactory functions do not seem to be affected in panic disorder. For example, panic patients showed no deviations in odor threshold and identification (e.g., Buron et al. 2015; Clepce et al. 2012; Kopala and Good 1996) . Thus, the tendency to experience panic symptoms seems to be a specific predictor of reduced olfactory discrimination performance.
One core pathological mechanism in panic disorder relates to poor identification and discrimination of unpleasant body sensations (Ehlers 1993) . Typically, a panic patient first perceives an actually harmless somatic symptom (e.g., sweaty palms). This is, however, not identified as such; instead, this perception is followed by anxious catastrophizing cognitions, which in turn starts a positive feedback loop leading to a further increase of anxiety symptoms. It is of high clinical relevance to find out if panic patients might have general problems in sensory discrimination or if their heightened interoceptive awareness prevents adequate attention to and processing of external (olfactory) stimuli.
Finally, social anxiety disorder was a positive predictor of olfactory discrimination in the children. The sense of smell plays an important role for social behaviors, such as attachment between infants and caretakers and mating pairs. Moreover, based on olfaction, unfamiliar/familiar individuals can be recognized (Stevenson 2010 Olsson et al. 2006) . Moreover, the smell of familiar persons as opposed to strangers can have a calming effect (z.B. Shoup et al. 2008) . The core symptom of social anxiety disorder is fear of unknown people (and their negative evaluation). This is for example reflected in the SCARED item BI find it difficult to talk to people I do not know well.^It seems likely that socially anxious children are especially sensitive to (body) odors because of their greater sensitivity in relation to ingroup-outgroup differentiation. This speculation has to be tested in a future study.
Although the exact reasons for the observed correlations are not known, it becomes obvious that specific anxiety symptoms are specifically related to olfactory performance. This may at least partly explain the inconsistent results that have been found to date between (pathological) anxiety and olfactory performance (Clepce et al. 2012; Lemogne et al. 2015; Schienle et al. 2018) .
The following limitations of the current investigation need to be addressed. The results are specific to olfactory discrimination performance and cannot be generalized to other olfactory functions (threshold, identification). We did not assess attention and short-term memory that are possible moderator variables regarding olfactory performance. The questionnaires administered were screening instruments for mental disorders, but no clinical diagnoses were made. Therefore, studies with pediatric samples are recommended. Finally, since olfaction can be improved by olfactory training (e.g., Hummel et al. 2009; Cain et al. 1995 ), it should be tested whether the tendency to depression, panic symptoms, and disgust proneness can be reduced via repeated olfactory discrimination exercises.
Conclusion
This questionnaire study identified specific associations between affective trait variables and olfactory discrimination ability in school children. High scores on the scales assessing depression, disgust proneness, and panic symptoms were associated with lowered olfactory performance; however, socially anxious children tended to display better olfactory discrimination. Future studies with longitudinal designs, especially on olfactory training can help to further elucidate the relationship between olfactory performance and symptoms of mental disorders.
Compliance with Ethical Standards
Funding Information Open access funding provided by University of Graz.
Conflict of Interest
The authors declare that they have no conflict of interest.
Ethical Approval All procedures performed in this study were in accordance with the ethical standards of the institutional and/or national research committee and with the 1964 Helsinki declaration and its later amendments or comparable ethical standards.
Informed Consent Informed consent was obtained from all participants (each child and a parent) included in the study.
Open Access This article is distributed under the terms of the Creative Comm ons Attribution 4.0 International License (http:// creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license, and indicate if changes were made.
